The conducted study aimed to show the differences in the process of sporulation at two populations of Lycopodium annoti num L. occurring within the governmental forests in the habitats: undisturbed and disturbed by economic treatments. The study was conducted in 2008-2011 in the southern part of the Krakowsko-Częstochowska Upland. It concerned the number of observations of sporophylls occurring during the year. There was also examined till which months within the year spores are released. The study also included observations of the lot of sporophylls which released the spores. Studies have shown that in the undisturbed habitat during the year there occurred 6 times more sporophylls than in the disturbed habitat. It was also observed that the period of their appearance in the undisturbed habitat was prolonged compared to literature data, and lasted until November 2008. Such a late appearance of sporophylls was not in the disturbed habitat, where the appearance of sporophylls was observed only until July 2008. However, only in the disturbed habitat there was observed occurrence of sporophylls in March 2009. In the undisturbed habitat spore release process lasted until October 2008, while in the disturbed one until September. In this habitat there was also observed that 28% of marked shoots with strobili died before the release of spores. This situation was not observed in the undisturbed habitat. The study also showed that in the both positions, after releasing the spores, all the shoots died within 3 years, however, in the disturbed habitat shoots died much faster than in the undisturbed one.
Introduction
Lycopodium annotinum L. is under strict species protection (The Minister of Environment 2004). It occurs mostly in shady places, usually in coniferous forest habitats. This species occupies space in two ways: by vegetative reproduction and by the production of spores (Piękoś-Mirkowa & Mirek 2003) . Vegetative occupying of the space is done along with sprawling of the policormon so it refers to a small space. At much greater distances club moss spreads through spores. However, their life small and amounts to only 4% at the number of spores of up to 1.88 million at 0.01 m 2 (Callaghan et al. 1986b ). In addition, the period which elapses from the moment of spore settle on favorable habitat to the appearance of sporophyte, may take several or even more than a dozen years. (Grochowski 1956; Podbielkowski et al. 1986; Piękoś-Mirkowa & Mirek 2003) . Certainly such a long development cycle of Lyco podium annotinum L. does not favour its competitiveness in dealing with space for other species. In addition, the reproduction of existing populations may be hindered or prevented by their damage or total destruction. The immediate cause of the destruction of the existing population is illegal harvesting of club moss shoots by humans, mainly for ornamental purposes (Piękoś-Mirkowa & Mirek 2003) . It comes to the destruction of a part or even a whole policormon as a result of its uprooting. Another threat to Lyco podium annotinum L. are the economic treatments and complete fellings conducted in the governmental forests.
The gametophyte and sporophyte of club mosses due to differences in its structure and the different conditions under which it may grow, require very different research approaches. In Europe, the most popular were researches referring to club moss sporophytes. In European studies of club mosses, we usually meet analyses of the ways club moss shoots colonize the space as well as analyses of nutritional management of compounds within policormon (Callaghan et al.1986a, b; Callaghan et al. 1986b; Svensson & Callaghan 1988a; Callaghan et al. 1990 ). On the territory of Poland there were conducted mainly studies of the club moss spatial structure and conservation status and condition of the existing populations (Juchacz et al. 1993; Rudak 2001; Sonneberger et al. 2008a, b; . Issues connected with maintaining a good condition of the population appeared in many studies (Hornbeck et al. 2003; Bruce et al. 2004; Gilman & Vermont. 2004 ) but it concerned club mosses occurring on the area of the USA. Until now, however, there has not been conducted a research associated with sporulation of club mosses in the habitats disturbed by the carried out treatments related to forest management. From the literature data concerning the care of the forest it results that the complete fellings with plowing used after them, prevent the survival of plants occurring in the area.
Also in the case of lighter treatments (thinning, cleaning) there may lead to the disappearance of some more vulnerable plant species due to changes in the microclimate of the forest communities (changes in humidity, insolation and temperature) (Gorzelak 2009 ). Gorzelak (2009) in his study provides information on Diphasiastrum complana tum (L.) Holub occurring in a part of the forest where there was carried out a thinning. The author, however, did not perform tests on the condition, nor sporulation of the observed population, putting an emphasis on the general issues connected with the protection of club moss stands on the forest areas undergoing economic development.
The aim of the study was to determine whether there are differences in the process of sporulation of Lycopodium annotinum L. shoots in the population located on the habitat disturbed by the economic treatments compared to the population in undisturbed habitat. There was examined whether the two populations (with similar dimensions) produce a similar number of sporophylls during the year. There was also examined the latest month till which the sporophylls appear in each of the studied populations and whether the strobili on the two stands appear in the same months. There was also tested when spores are released from the formed sporophylls and whether all the shoots that developed a sporophyll, sporulate. There was also observed how quickly after spore spilling a sporophyll dies and what happens further with the vertical sporophyll after releasing the spores.
Methodology
The study area included the areas of Złoty Potok Forestry located in Krakowsko-Częstochowska Upland in the southern part of Poland. The study was conducted in 2008-2011. It is assumed that each shoot creeping over the surface of the soil will be called a horizontal shoot, while single branches growing from it are vertical shoots. Two populations of Lycopodium annotinum L. located in mixed forests on moist habitats were chosen for the study (Forest management plan from 2006 to 2015). The first population occurred in the undisturbed habitat (Dziadówki) but the other one in the disturbed habitat (Julianka). Habitat disturbance was associated with economic treatments carried out in the state forest. At the disturbed habitat, there was carried out a complete felling on the forest part adjacent to the club moss population. This led to the unveiling of the eastern side of the greater part of the population, exposing it to increased insolation. The remaining part was under the canopy of treetops and undergrowth.
In Poland, the period of spore maturation starts in July (Kremer & Muhle 1998; Rutkowski 2007; Wójciak 2007) . The study started in July, assuming that if the data given in the literature is accurate, then this month all strobili starting from the should be already developed. To observe the appearance of soprophylls there were set 6 squares with dimensions 1 x 1m on each of the stands. The squares were established in places of the greatest condensation of vegetative shoots (visual estimation). In each of them from July to December 2008 there were counted newly appearing sporophylls. In order to distinguish strobil generated in the coming months, they marked in different colored threads. In March 2009, at the time of checking the condition of the population after the trees were felled by snow in winter, there were re-counted the newly formed sporophylls. In order to check whether there is a difference in the number of strobili formed at the both stands during the year, there was conducted another count in August 2009. In the studies there was also assumed that after determining to which month the sporophylls appear, a year later, analogical observations will be carried out to investigate the repeatability of the phenomenon.
In order to study the spilling time of spores from shoots which till July 2008, developed a sporophyll, there were selected 60 shoots at each stand -a total of 120 shoots with strobili. They were all marked with numbered badges. From July to December 2008 in each month there were counted the strobili which started sporulation. In the case of strobili that could occur in the autumn months there was made the assumption that they will be marked in other way to check when the spores are released from them. From 2009 to 2011 in the summer months, there were conducted observations of the state of shoots with sporophylls, from which spores were released. In 2008 for the study there were randomly selected 60 sporophylls on each of the stands (total of 120 shoots). Each sporophyll was marked by tying a badge with a number to it. Within 3 years of research, not all the marked shoots were found. The reason for this is the natural growth of the species of fleece and a moss layer, which "cover" some club moss shoots. To avoid the damage to the policormon structure the litter was not dug up in search of the marked shoots. Of all the selected shoots, over 3 years there were systematically found: 53 vertical shoots in the disturbed habitat (Julianka) and 46 shoots in the undisturbed stand (Dziadówki).
Results

Sporophyll occurrence
The conducted studies show that within the studied squares on the disturbed stand in Julianka, from 2008 to August 2009 there were a total of 282 sporophylls (Table 1 ). In the same period in the squares of the undisturbed stand in Dziadówki there were 1816 of them, which is 6 times more than on the disturbed stand (Table 2) . There were also observed differences in the time of sporophyll appearance. In 2008 in the population in Julianka, sporophylls were formed until July. In the following months of that year, the appearance of new strobili was not observed. In the population in Dziadówki sporophylls appeared till November. The largest number was formed till July 2008 (702 ears) ( Table 2) . In other months the number of new strobili was much lower and amounted to a maximum of 53 ears per month (Table 2) . It was also observed that in October and November there was a slight increase in the number of strobili occurring in relation to the month of September, where there were the least (19 ears) during the observed months. There was not noticed the spores (Table 3 ). This phenomenon was not observed in the undisturbed habitat where spores were released from all observed strobili (100%).
The lot of shoots
The conducted observations showed that on the both stands in Dziadówki and Julianka, all shoots after spilling the spores from the strobili in 2008, died within 3 years (Table 4). On the stand in Dziadówki the smallest number of shoots, because only 9%, died in the first year after the spore spilling -2009. While most -54%, died in 2010 -the second year after the release of spores. In 2011 on the stand in Dziadówki all the observed shoots were already dead. On the stand in Julianka till 2011 also all the shoots, which in 2008 released spores, died. In contrast to the population located in the undisturbed habitat in Julianka most shoots -as much as 64%, died in the first year after spore releasing. In 2010 there were only 2% of live shoots that died one year later (Table 4) .
Discussion
During the treatments in the forests, while storing or dragging tree boughs across the fleece surface, it may come to the violation of the policormon structure by the damage of its parts. In the case of complete fellings in the result of conducted treatments it often comes to the destruction occurrence of new strobili in December 2008 (Table 2) . In March 2009, during the observations of the posts there was reported that within the squares in the disturbed habitat there were 4 new soprophylls (Table 1) . Within the research squares on the undisturbed stand in Dziadówki, new sporophylls were not observed in the same month. On the same stand in August 2009 there was observed strobil sporulation which were formed in October 2008.
Spores releasing
The conducted study showed differences in the time of spore spilling from sporophylls in the population of the disturbed habitat in relation to the population in the undisturbed habitat. In the undisturbed habitat all sporophylls, marked in July 2008, released spores by the end of October of the same year. Percentage, the largest number of spores was released in August 2008 (57% of all marked shoots). The smallest number of spores was released from the strobili in October 2008 (13%) ( Table 3 ). All marked shoots released spores, and there was noticed no shoot or strobil die before their release. On the disturbed stand, as in the case of the undisturbed one, most spores were released in August (53%) ( Table 3) . However, the last release of spores on the marked shoots took place in September 2008 and not in October as it was in the undisturbed habitat. In October, however, there was reported that 28% of the observed sporophylls that did not release spores in September and August 2008, died along with the shoot not releasing of the entire club moss population and its habitat. Even if a part of the population were preserved, a drastic change in microclimatic conditions would prevent its further existence (Gorzelak 2009 ). In order to protect populations of rare species, on the felling areas there are left so called ecological clumps the surface of which may amount to 5% of the handling surface of the felling. These are fragments of trees located directly over the populations of protected species. Trees and shrubs forming such a clump protect the undergrowth from direct sunlight (full illumination). Despite this, there is a strong change of club moss living conditions, which contributes to a significant reduction in viability of the entire population (Śliwińska-Wyrzychowska & Bogdanowicz unpublished data). A similar disturbances of microclimate may also occur when the population is located in the immediate vicinity of the conducted felling. Although the soil microhabitat is not then destroyed, the direct exposure of its parts to the full sun brings about a change that of microclimatic conditions of this part, thus affecting the living conditions of plants growing there, including club mosses.
In the literature there are no studies on the effects of such treatments on the phenomenon of sporulation of club mosses population. However, it seems obvious that the increased insolation caused by the felling conducted in the immediate vicinity of club moss populations (as it was the case in this study), should somehow influence the reproduction, condition and survival rate of this shade tolerant species.
Planning a study concerning the date of the sporophyll occurrence and releasing spores from them was based on literature data. There is stated that the spores of Lyco podium annotinum L. "ripen from July to September" (Kremer & Muhle 1998; Wójciak 2007; Piękoś-Mirkowa & Mirek 2003) . We made an assumption that it is a time limit within which the spores reach maturity and are released from the sporangia. The results of our studies have shown, however, that sorophylls also appear in other months, namely in October and November, which is longer than it would follow from the literature. This implies a postponement of the term in which the strobil maturation and spore release take place, for the months of late autumn (November) and even March next year. This phenomenon was observed only on the stand undisturbed by economic treatments. As the carried out study shows, it was not a one-time situation, since it repeated the following year. This means that in 2008 and 2009, there was observed the occurrence of new strobili exactly in the same months. The undeniable fact is that most sporophylls appeared in the summer -as the literature provides. During the conducted studies it was observed that some of strobili formed in autumn of 2008, sporulated only in August 2009. This could be due to the slowdown in the growth of strobili (and thus the maturation of spores) in the autumn and winter months of 2008 and 2009, due to low temperatures. It is possible that the process of further growth and maturation began again with the increase of temperature in the spring of 2009, however, this claim remains in the zone of conjecture. Studies on the club moss sporulation were led by only a few authors (Sonnberger 1995; Sonnberger et al. 2008a, b) . Sonnberger (1995) conducted several -year observations of a number of sporophylls of several Lycopodium. annoti num L. populations near Memmingen in Germany. These strobili matured in the winter months, including December. The author has identified in several populations the two phases of regular sporulation excluding the dependence of this phenomenon on weather conditions. In addition to the normal period of sporulation he observed the other onefrom February to March. Sonnberger (Sonnberger et al. 2008a, b) confirmed this phenomenon again in Germany and on Krakowsko-Częstochowska Upland observing spore release in the winter. In the present study there was observed no formation of strobili or their sporulation in the winter months. Basing on these studies and research of Sonnberger (1995 Sonnberger ( , 2008a , however, one can assume that the strobili of Lycopodium annotinum L. in favorable conditions can mature and sporulate not only in the period given by the literature. The phenomenon of multiple sporulation was also observed by other researchers and it refered to the species of Matteuccia struthiopteris (L.) Tod. and Equisetum subgen. Hippochaete (J. Milde) Baker (Horn after Sonnberger, unpublished data). Sporulation in winter was also observed at Equisetum telmateia Ehrh. (Peters & Bennerth 1987) . The authors of these observations, however, drew attention to the irregularity of the phenomenon resulting from weather conditions which Sonnberger (1995) ruled out as the ones having an impact on winter sporulation at Lycopodium annotinum L. There can be drawn conclusions that the sporulation of Lycopodium annotinum L. in undisturbed conditions lasts much longer than the literature provides. On the basis of the conducted studies it is not possible to answer the question whether the four sporophylls, which appeared in March 2008 are the result of the tendency of Lycopodium annotinum L. to multiple sporulation or whether the sporophylls are the result of disturbances and earlier start of strobil production by the population as a result of changes in microhabitat conditions. Also, significantly fewer sporophylls observed by us in the disturbed habitat may be caused by the change in microclimatic conditions, and largely by increased insolation. Lycopodium annotinum L. is a circum-boreal species which requires moderately shaded places for the proper development (Zarzycki et al. 2002; Piękoś-Mirkowa & Mirek 2003) . Already MacArthur and Connell (1971) stated that the response of plants to environmental conditions may be manifested in their reproductive abilities. Disorder of the microhabitat of the studied population could therefore lead to reduced production of soprophylls. As the club moss shoots subjected to increased exposure light tend to dying (Śliwińska-Wyrzychowska & Bogdanowicz unpublished data), perhaps as a consequence it can stop the process of strobili production, which seems to be in these conditions, too much effort for the plant. Parts of fleece, which began to reach a large amount of sunlight, stop being a convenient place to live for Lycopodium annotinum L. because it prefers moist habitats and such are usually formed in the more shaded areas. In the case of unfavorable microhabitats Lycopodium annotinum L. uses so called opportunistic escape or "tactics of a seeker" (Callaghan et al. 1986a; Svensson & Callaghan 1988a, b) . Opportunistic escape is to avoid adverse microhabitats, and the tactics of a seeker is to look for the ones in which a ramet will be placed on a suitable location for further development. It can be assumed that in the disturbed habitat Lycopodium annotinum L. redirected some resources meant reproductive effort, for vegetative occupation of space or being in a stressful situation it reduced energy consumption for reproduction. However, to confirm this hypothesis it would necessary to conduct the studies on the energy economy of club moss population in the both habitats.
The process of strobil drying along with a shoot before spore releasing observed on the stand in Julianka, also may be associated with increased insolation. The fact that this phenomenon was not observed in the undisturbed habitat also supports this thesis. Probably these shoots, as a result of increased insolation, began to wither away and so did the sporophylls in which spores did not manage to mature. The study also showed that all the shoots that developed a sporophyll, die within 3 years from the spore release. This situation occurred in the both habitats disturbed and undisturbed one. According to a Callaghan and others study (Callaghan et al. 1986b ) vertical shoots after releasing the spores are still alive for eight years before it comes to their total decay. This author observed, however, populations located in areas of Swedish Lapland in the Boreal zone. This area is characterized by a much shorter growing season and harsher winters than climate of Poland (Podbielkowski 1975; Kornaś & Medwecka-Kornaś 1986) . Just this difference in climatic conditions may result in a shorter period of dieback of shoots on the stands observed by us. Within the studied stands differences in the number of strobili dying in the first year after the spore releasing can be attributed to the change of microclimatic conditions, and above all, the increased sun exposure which the population in the disturbed habitat was subjected to. This disorder can have a direct impact on the change of biogeochemical cycle of nitrogen. Any disturbances in the habitat connected with the change of the stand density lead to its loss from the soil (Smith et al. 1986 ). This is not a desirable phenomenon, since nitrogen is responsible for the production of a well functioning photosynthetic apparatus (Stremińska & Błaszczyk 2004) . The modular nature of the construction of Lycopodium annotinum L. makes it possible to transport water and nutrients between the individual shoots within the clone (Headley et al. 1988a ). In addition, these compounds from dying shoots are recovered and then transported to the younger segments. In the present study on the disturbed stand the greater number of shoots dying in the first year after releasing the spores may be associated not only with microclimatic changes but also with the disruption of the nitrogen availability in the soil. It is also possible that the faster decay of shoots directly subjected to strong insolation, has a beneficial effect on the rest of the population. This is because it has no need to "maintain" exposed shoots, regaining from some of them, nutrients needed for younger parts of the clone to survive.
